Particular Cornus species are known for their edible fruits and their leaves are used as a tea in some countries. In the present study, the immunomodulatory activity of water infusions of leaves of Cornus mas (CM), C. kousa (CK), C. alba (CA), C. flaviramea (CF), C. coreana (CC) and C. amomum (CU) was tested on human leukocytes. Phagocytic and antimicrobial activity was determined for concentrations of 0.17 and 0.25 mg.mL -1 . All samples significantly enhanced the phagocytic activity of cells. Samples at the concentration of 0.17 mg.mL -1 were in all cases, except CK, slightly more effective than those at 0.25 mg.mL -1 . The strongest bactericidal (E. coli) and also candidacidal (C. albicans) activity was exerted by CM at 0.25 mg.mL -1 . The most potent samples at the lower concentration were CF (for E. coli) and CK (for C. albicans). CC and CU were antimicrobially non-effective.
Cornaceae species (extracts from different herbal drugs) have been reported for diverse biological activities, such as antiparasitic and antimicrobial, antioxidative, antiproliferative and cytotoxic, antidiabetic, and antiinflammatory [3] . Interesting biological effects have also been described for particular Cornaceae constituents, e.g. loganin, morroniside -antioxidative; cornuside -neuroprotective, anti-inflammatory; lignans -cytotoxic [4] . According to literature data, there is little information about the pharmacological effects of leaves of these species. However, the antioxidative activity of C. sanguinea leaves and fruits, and hypoglycemic action of C. kousa leaf extract have been reported [5] .
In this paper, the immunomodulatory activity of leaf infusions of Cornus mas (CM), C. kousa (CK), C. alba (CA), C. flaviramea (CF), C. coreana (CC) and C. amomum (CU) on human leukocytes phagocytic activity was studied. In addition, the antibacterial activity of human leukocytes after incubation with leaf infusions of selected Cornaceae species against Escherichia coli and Candida albicans strains was evaluated.
The effect of the Cornus species leaf infusions in two concentrations on human leukocyte viability is presented in Table 1 . Non-treated cells were used as a positive control. CA exhibited a significant toxic effect.
Phagocytosis is a major mechanism used to remove pathogens and cell debris. Phagocytic activity (PHA) is the ability of phagocytes to ingest bacteria and foreign particles. Table 2 shows that all tested species in both concentrations displayed an increase in the PHA of incubated cells, compared with the control group (non-treated cells). The results show that CF, CC and CU acted as the most potent phagocytosis stimulating agents, whereas the CA extract was the weakest. Escherichia coli and Candida albicans strains were engaged for the screening of microbiocidal activity of the selected leaf infusions. The cells cultivated with a suspension of non-treated leukocytes were used as a positive control for testing both bactericidal and candidacidal activities. The results listed in Tables 3 and 4 are in accordance with previously published data, where C. mas extract exhibited the strongest antibacterial activity against E. coli at the same concentration [6] .
In our study, we present immunomodulatory properties of leaf infusion lyophilisates of different Cornus species on human NPC Natural Product Communications 2016 Vol. 11 No. 5 685 -687 686 Natural Product Communications Vol. 11 (5) 2016
Forman et al. leukocytes in vitro. The observed activities of these extracts may be correlated with the presence of polyphenolic compounds, e.g. flavonoids, which are among the prominent active principles of these plants. Previous biochemical studies have suggested that antimicrobial potential is closely associated with these substances [7] . In our previous work we quantified several active compounds in the mentioned Cornus species, e.g. total polyphenols, tannins, flavonoids, and total hydroxycinnamic derivatives (THD) [8] .
The tested extracts PHA correlates with the content of flavonoids (R = 0.992), and THD (R = 0.999), which applies to results for both concentrations used (0.17 and 0.25 mg.mL -1 ). In addition, CM, CK and CA extracts acted as stimulants of human leukocytes microbiocidal activity against E. coli and C. albicans strains. The antimicrobial activity of the lower extract concentration against E. coli correlates with the content of flavonoids (R = 0.959), and THD (R = 0.998). Similarly, the corresponding activity results against C. albicans correlate with THD (R = 0.996), total polyphenols (R = 0.950), and tannins (R = 0.999) contents. In the case of the higher extracts concentration only the activity against E. coli correlated with active compound contents, namely with total polyphenols (R = 0.995), and tannins (R = 0.999).
As concluded from this study, water infusions prepared from the leaves of selected Cornus species cultivated in Slovakia can be considered promising immunomodulatory agents and carry inspiration for further research. Sample preparation: Leaves were dried for 5 days at room temperature and milled using a laboratory mill. Particle size was according to sieve 355, as in the European Pharmacopoeia, 8 th edition (Ph Eur 8) [9] . The water infusions were prepared according to the article "Decocta. Infusa." in Pharmacopoea Bohemoslovaca, 4 th edition (PhBS IV). In brief: 10 g of leaves was macerated in 100 mL of boiled water for 5 min and then cooled at room temperature for 45 min. The obtained infusions were filtered through cotton wool and freeze-dried [10] . The yields of crude extracts CM, CK, CA, CF, CC and CU were 5.5 g, 2.0 g, 2.0 g, 5.0 g, 4.0 g and 2.6 g, respectively.
Chemicals: Human leukocytes were isolated from fresh blood provided from healthy volunteers (Compoflex bags, National Transfusion Station, Ružinov Hospital, Bratislava, Slovakia).
Auxiliary microorganisms strains:
(1) Enterococcus faecalis (KBMBL) (2) Escherichia coli ATCC 11229 (3) Candida albicans CCM 8180
Solutions:
(1) Solution for in vitro cell cultivation: 3.0 mL of RPMI 1640 (SEVAPHARMA, CZ) was diluted with 10.4 mL of saline (pH 7.2) and 2.2 mL of 10 % fetal serum (GIBCO, USA).
(2) Wright's stain: 0.24 g of stain was dissolved in 100 mL methanol (CENTRALCHEM, SK), kept for 5 days at room temperature and filtered.
(3) Neutral water: 2.86 g of sodium hydrogenphosphate (CENTRALCHEM, SK) and 0.48 g of potassium dihydrogenphosphate (CENTRALCHEM, SK) were added to distilled water to a volume of 1000 mL; pH was adjusted with sodium hydrogenphosphate (CENTRALCHEM, SK) to pH < 7 or with potassium dihydrogenphosphate (CENTRALCHEM, SK) to pH > 7. (4) Saline: 8.5 g of sodium chloride (CENTRALCHEM, SK) was added to distilled water to 1000 mL; pH was adjusted to 7.2 with sodium hydroxide (CENTRALCHEM, SK), and solution was sterilized for 20 min at 134°C. (5) Saline with heparin: heparin (LÉČIVA, CZ) was added into saline to a concentration of 2 μL.mL -1 . Culture media:
(1) Endo agar (IMUNA, SK) (2) Sabouraud agar (IMUNA, SK) 
Determination of phagocytic activity:
One hundred μL of human activated leucocytes (2.10 6 cells/mL) and 50 μL of a microbial suspension of killed Streptococcus faecalis (1.10 8 cells/mL) were incubated in RPMI 1640 for 60 min at 37°C in a water bath. Thereafter, this suspension was placed on microscopic slides. The slides were dried at laboratory temperature and stained according to Wright. Phagocytic activity was expressed as a percentage of the phagocyting cells from 100 phagocytes total.
Determination of antimicrobial activity: Either a 24 h culture of
Escherichia coli incubated on Endo agar or a 48 h culture of Candida albicans incubated on Sabouraud agar was used for sample preparation. The microorganism suspensions were adjusted to a Immunomodulatory activity of water infusions of leaves of Cornus species Natural Product Communications Vol. 11 (5) 2016 687 turbidity of 0.35 at 540 nm and diluted to either 1.10 5 cells of Escherichia coli or 1.10 4 cells of Candida albicans in 1 mL of suspension. One hundred μL of ultrasonically disintegrated leukocytes (18 kHz, 3×10 s) and 150 μL of the microbial suspension of E. coli were incubated for 60 min at 37°C in a water bath. One hundred μL of this suspension was inoculated on Endo agar and incubated for 24 h at 37°C. The bactericidal activity was expressed as the number of E. coli colonies on the plates and recalculated as the number of these bacterial cells per 1 mL.
Statistical analysis:
Statistical differences between every experimental sample and the control sample were determined by Student's t-test.
